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Abstract 

A scale model of a satellite was tested In a 
large vacuum facility under electron bombardment and 
vacuum ultraviolet radiation to Investigate the 
charging of dielectric materials on curved surfaces* 
The model was tested both stationary and rotating 
relative to the electron sources as well as grounded 
through one megohm and floating relative to the cham- 
T ber. Surface potential measurements are presented 
2 and compared with the predictions of computer 

ino.^ell1ng of the stationary tests* Discharge activ- 
ity observed during the stationary tests U discussed 
and signals from sensing devices located Inside and 
outside of the model are presented* 

introduction 

As part of the continuing effort In the joint 
MASa/USAF spacecraft charging investigation* electron 
spraying tests were performed on a model of the 
SCaTha (P7B-^) satellite In one of the large vacuum 
facilities at NASA-LeKC* Considerable testing at 
atmospheric pressure had previously been performed on 
the model *^ The testing was concerned with mea- 
surement and analysis of the modeTs response to 
simulated electron induced discnarges occurring at 
various points on the model* The LeKC electron 
spraying tests were part of a comolned experimental 
ana analytical Investigation of the charging of 
dielectric materials In geometric patterns on a 
curved surface. Previous charging tests had been 
performed on 30 cm square or smaller samples of sin- 
gle dielectric materla's cn grounded substrates with 
normally Incident electron beams* 

Electron spraying tests of a satellite were con- 
ducted by tne European space Agency on the NETEU^aT 
Pi model.^**i The tests were an attempt to re- 
produce anomalies observed on tne orbiting space- 
craft. Ouring those tests* It was repo*^ted that dis- 
charges were unexpectedly observed to d cur with the 
satellite floating* in the course of tne LeRC test- 
ing* it was also observed that discharges occurred 
with the SCATSaT floating. Furthermore* discharges 
occurred for electron beam energies well below those 
required to produce discharges In the tests of small 
samples on grounded substrates. 

The testing, originally planned to investigate 
charging* was expanoed to Include Investigation of 
the low level discharges. Sensors were placed In and 
around the model to determine the nature and location 
of tne discharging. That investigation has only re- 
cently been initiated and is still being pursued. 

E xperiment Description 

Facility 

The tests were conducted In the 4.b-meter diame- 
ter by IB. 3-meter Tong vacuum chamber in the NASA 
Lewis Research Electric Propulsion Laboratory 
(Fig. i). The test object* called SCaTSaT*^ was a 
^/3 scale model of the SCaTha satellite launched In 
January of The model was suspended on three 

0.76-meter long Uelrin rods providing DC Isolation 
fro<n the chamber. The support assembly was mounted 
on a hollow-shaft* rotary vacuum feedthrough with a 
motor ued drive to permit simulation of satellite 


rotation. The hoTTow shaft permitted data cables to 
be brought out of the vacuum chamber before twisting 
during rotation. The model was centered on the cham- 
ber axis* Four electron guns were located a^out two 
meters from tne model approximately every 90 around 
the model at the elevation of the chamber axis* Sur- 
face voUage probes mounted on vertical arms scanned 
the cylindrical surface of tne model as It rotated* 

A surface voltage probe mounted beneath the model 
viewed the stainless steel forwaro skin to continu- 
ously monitor the structure potential* Two vacuum 
ultraviolet (VUV) sources were mounted near one of 
the electron guns at elevations above and below the 
Chamber axis (Fig. 2). Electron flux sensors were 
located between each electron gun and the model at 
about 16 cm from the model* The chamber was pumped 
by diffusion pumps apd was operated In the mid 
lU*' torr to low 10*^ torr pressure range. 

SCATSaT Nouel 

Figure 3 is a detailed view of the SCATSaT. 

The model Is a l*l-meter long by l*l-meter diameter* 
right circular cylinder. The fiberglass cylindrical 
surface Is covered witn 2 cm by 4 cm fused silica 
solar cell cover slides over copper foil to simulate 
the solar cells cf the SCaTha sateTllte. a small 
paten of 1 no luro-t In-oxide (ITo) coated cover slides 
Is located near tne forward end of the model. The 
conductive iTO surfaces are electrically connected to 
the SCaTSaT structure. The aluminum central band has 
two areas of silvered Teflon tape about IBO degrees 
apart around tne model. The silver layer on the tape 
was electi^lcal ly connected to the model structure 
through the tape's conductive adnesive. Two square 
aluminum patches about IBO degrees apart and on 
opposite sides of tne central band represent the 
spacecraft surface potential monitor (SSRH) simula- 
tions tor these tests. They are noth electrically 
connectea to the model's structure. Ihe forward end 
of the model Is a skin of stainless steel foil. The 
aft end ot the model Is an aluminum skin with a non- 
conductlve white paint* Thus the model duplicated 
tne general features ot the dielectric surfaces on 
6LATHA. 

Ic tt Results 
Haterial Charging lests 

Testing of the 6 CaISaT started with aii investi- 
gation of the Charging of the dielectric materials on 
the curved surface. The first tests were conducted 
with a one megohm resistive connection between the 
model and the chamber, a resistive voltage divider 
was Included tor structure potential measurement. 

The stationary model was Irradiated by tour electron 
guns tor approximately 30 minutes. The guns were 
then turned off and the model was rotated at 1 rpm to 
obtain the surface voUage profiles. U Is known 
from repetitive measoremeols that the surface volt- 
ages do not change in the one minute required to 
obtain the data* Figure 4(a) shows the solar array 
surface voltage profile resulting from 1r*^ad1at1on by 
four a-kev, approximately I nA^m^* electron 
oeams. The four broad peaks were produced by the 
four electron beams. The narrow peaks correspond to 
tne individual cover slides. The area at zero 


corresponds to the simulation of the SSPN. The maxU 
mum potentials of *6 kV occurred where the electron 
beam angle of Incidence was minimum* The angle 4ss 
not exactly zero since the path viewed by the probe 
was not In the plane of the electron guns. The elec<» 
tron guns were turned back on while the model was 
rotating at 1 rpm and after several minutes equ111b> 
rlum was reached. The surface voltage profile shown 
In Fig. 4(o) was the result. The potential peaks 
were reduced by 700 to 800 volts and the valleys were 
filled In. Finally, the two vuv sources were turned 
on and the equilibrium surface voltage profile shown 
In Fig. 4(c) resulted. During the stationary Irra- 
diation tests surface voltage probe and current sen- 
sor transients Indicated that some low-level* non- 
vlslble discharges were occurring randomly at quite 
low electron beam energies. The discharge activity 
was halted or diminished when the model was rotated. 

Comparslon to Hodelling Predictions 

The NASA Charging Analyzer Prog -am (NASCAP)^"^ 
was used to generate computer predictions of the sur- 
face voltage profiles on a computer simulation of a 
ground* stationary SCATSAT being Irradiated by four 
electron beams. The SCaTSAT was modelled as an octa- 
gon (Fig. 5) suspended In a representation of the 
vacuum chamber. Figure 6 shows the solar array ano 
center band surface voltage profiles recorded op the 
model following Irradiation by the four I nA/cm^ 
electron beams at 6 keV while the model was station- 
ary. The segmented line connects the potentials 
predicted for the surface cells of the NaSCAP model 
of the SCaTSaT. '.he values predicted are In good 
agreement (withi i 25 percent) with the recorded 
da.a. The discrepancy Is probably due to the use of 
an octagonal rather than circular analytical model. 

It Is encouraging to note that the structure seen In 
the recorded date. Is also evident In the computer 
predictions within the constraints of the computer 
modeTs spatial resolution. Simulation of the 
rotating SCaTSaT was not attempted at this le.' 

Discharge Tests 

The potential of the floating SCATSAT Irradiated 
by four appromx lately 1 nA/cm^ electron beams at 
2.5 keV Is shown In Figure. 7(a). ignoring the 
effects of electron gun warm-up, the moders poten- 
tial rapidly achieved a nearly stable negative value 
with periodic discharges taking place. The dis- 
charges were more frequent than observed during tests 
with one megohm between the model and ground. The 
discharge rate Increased with increasing electron 
flux and/or beam energy* Since the model was 
stationary* the voltage on the model's structure was 
the only voltage data obtainable. For reasons as yet 
unknown* the structure potential data underwent 
periodic step changes in leve't as inoicated at ap- 
proximately 400* 1000* and 'i200 sec. The surface 
voltage probe transients i.idicative of discharging 
are Shown between 200 anf 400 sec and between 1000 
and 1200 sec. 

The NASCAP predictions of the material poten- 
tials shown in Fig. 7(b) indicate the structure to be 
the most negative with the surfaces of the solar cell 
cover slides and Teflon several hundred volts posi- 
tive relative to the structure. Uepsite the large 
discrepancy between the data and prediction of the 
time required for the structure to reach equilibrium* 
the agreement In the equilibrium value Is quite good 
(within 100 volts). The time discrepancy is related 
to the size of the timesteps used In the computer 
modelling. 

A final observation that requires further 
Investigation Is the change in structure potential at 
turn-off of the electron guns. In the case shown. 


the structure potential rapidly Jumped from -750 to 
^350 volts. On other occasions* at similar test 
conditions* the change was much less rapid and on 
still others there was no observable change. At pre- 
sent the structure potential change at electron gun 
turn-off does not appear to be chamber pressure 
dependent. 

The evid'jnce of discharging consisted of tran- 
sients on the surface voltage probe signals and the 
electron flux sensor electrometer signals. Dis- 
charges were not visible to the naked eye and 
3U minute time exposure photographs did not show any 
visible evidence of discharjes* When tests were con- 
ducted with the model electrically floating, the dis- 
charges occurred more frequently for a given electron 
beam energy and flux. The surface voltage probe 
mechanism was moved away from the model to eliminate 
It as a possible discharge site and the discharges 
continued* Tne discharge rate was found to Increase 
with Increasing electron beam energy and/or flux. 

The rate was also found to be dependent on the por- 
tion of the model being Irradiated. When an area of 
the model with a Teflon-aluminum interface on the 
central band was being Irradiated* the greatest dis- 
charge activity was observed. Discharge activity 
could be diminished by rotating the model to Irra- 
diate a different portion of the central band. 

Each of the electron guns* when operated separately* 
produced similar variations In discharge activity 
with variations In the portion of the model being 
Irradiated. 

Additional sensing devices were then Installed 
to further Investigate the discharging. A device 
that responds to tne time derivative of a magnetic 
field* a B-dot sensor, was placed In the Interior of 
the model near a Teflon-aluminum Interface on the 
central band. Insulation capable of withstanding 
over 20 kv was used between the SCATSAT and the sen- 
sor and Its cables. A 15 cm diameter loop antenna 
was placed outside of the model and opposite the 
electron gun being used. Figure 8 shows transient 
signals from these devices during a 4 keV* 1 to 
2 nA/square cm* test of the floating stationary 
SCaTSaT. Both signals were of low amplitude. Though 
the signals shown were of about the same duration, 
they were not from the same event* a small fraction 
of the discharges that were detected by the antenna 
outside the model produced sufficient signal from the 
B-dot sensor to trigger Its digital waveform re- 
corder. This was probably due to the shielding of 
the model's Interior by the Faraday cage construction 
representative of the SCaTha satellite. The oscilla- 
tion frequency of the antenna signal was typically 
20 mHz while the calculated vacuum chamber resonant 
frequency was 50 mHz. 

Sumnary 

Electron beam charging tests were conducted on a 
2/3 scale spacecraft model In a vacuum chamber using 
up to four electron guns to Irradiate the model's 
cylindrical surface* The tests were conducted with 
the model stationary as well as rotating and with the 
model connected to ground through one megohm as well 
as floating. Computer modelling of tests of the 
stationary model, both grounded and floating* pro- 
duced results In good agreement with the recorded 
data* The computer model predicted a positive volt- 
age gradient In the Insulators on the floating model. 

Discharging was noted which occurred for elec- 
tron beam energies as low as 2.5 keV. The frequency 
of discharging Increased with Increasing electron 
flux and/or beam energy. The discharges were more 
frequent on tne floating model than on the model with 
one megohm to ground. The discharges were not visi- 
ble and produced low amplitude signals from sensing 
devices placed In the vacuum chamber. The rf fre- 
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qiMflcy of Um OUchorgot w«s 2r dhi moIU the vecuM 
chwher resonent frequency wc* ce)cuUte4 to be ebout 
SO eMt. 

A1 1 of the phenooene that have been observed 
during the testing are not fully understood and the 
Investigation Is continuing. 
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Figure 2. - Layout of experiment in tank 5. 
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Figure 4. - Equilibrium surface potential profiles - 8 keV electrons, 
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Figure 5. - NASCAP model of SCATSAT. 
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(b) surface potential profile - CENTER BAND. 

Figure 6. - Comparison of surface potential data to NASCAP predictions. 
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(bl NASCAP PREDICTIONS. 

Figure 7. - Spacecraft potentials - model floating - 4 electron guns - 2. 5 keV beams. 
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